INTRODUCTION
Our understanding of motor control of the human facial muscles is mainly derived from the results of experimental animal studies. However, the morphofunctional relationships of facial movements related to mastication and facial mimic and the muscle fibre population involved are still poorly understood.
Anatomically, the frontal muscle controls facial mimic, particularly in humans, and forms together with the occipital belly, which are connected by the galea aponeurotica, the occipitofrontalis muscle. The two bellies act independently despite the galea aponeurotica. The frontal belly raises the eyebrows and pulls the galea aponeurotica, forming transverse wrinkles on the forehead. The occipital belly is responsible for drawing back the galea aponeurotica and participates in facial expressions during smiling and in movements of the auricle (Berkovitz et al., 1992) .
Histoenzymology of skeletal muscles has been successfully applied to the differentiation of functionally distinct fibre groups. This differentiation is based on the concentration of oxireductases, especially diaphorase oxireductases such as nicotinamide adenine dinucleotide tetrazolium reductase (NADH-TR), in muscle tissues (Dubowitz & Brooke, 1973) . Application of the NADH-TR method results in different oxidative reactions that permit the classification of muscle fibres into strongly oxidative (type I) and weakly oxidative (type II) fibres (Dubowitz et al., 1985) .
In view of the diseases affecting the frontal muscle and the lack of morphometric studies regarding the muscle fibre types and connective tissue sheaths comprising its belly, the objective of the present study was to quantitatively determine the area, diameter and relative volume of each Disciplina de Anatomia Humana, Centro Universitário Hermínio Ometto, UNIARARAS, Araras, São Paulo, Brasil. fibre type (I, IIA and IIB), number of blood vessels per fibre and connective tissue (endomysium) area in these muscles obtained from a population of rabbits held in captivity.
MATERIAL AND METHOD
Animals. Ten adult female Norfolk rabbits ranging in age from 6 to 8 months and weighing 2.8 to 3.1 kg, obtained from the Animal House of the Faculty of Medicine of Botucatu, Universidade Estadual Paulista (UNESP), were studied. The animals were maintained in captivity and fed adequate ration and water ad libitum. All animal procedures were carried out in accordance with the ethical guidelines of the Brazilian College of Animal Experimentation.
Tissue samples and histochemistry. For removal of the frontal muscle, the animals were anesthetized with 3% Hypnol at the dose of 30 mg/kg body weight and then killed by inhalation of sulfuric ether. A 15-mm 2 fragment was removed from the left belly of each animal, placed in a Petri dish, identified and immediately submitted to appropriate processing. The muscle specimens were frozen in n-hexane and cooled to -70ºC with liquid nitrogen. Next, the specimens were transferred to a Leica CM 1800 cryostat chamber at -20ºC, where they remained for 40 min for thermal adaptation. The specimens were fixed in a metal support (Tissue-Tek-OCT) and cut into 8-µ m thick sections with a microtome. The sections were incubated in an oven at 37º C for 10 min. Next, the sections were submitted to histochemistry for the identification of NADH-TR according to the method of Dubowitz et al. According to this author, the technique permits the differentiation of three distinct fibre types (I, IIA and IIB). The sections were documented using a Zeiss MC 80 DX light photomicroscope at 10X magnification. The images of NADH-TR-stained sections were analyzed at 180X magnification and divided into four equal quadrants.
Morphometry of muscle fibres and connective tissue sheaths. On the basis of the quadrants delimited in the sections obtained from the muscle belly of each specimen, the area, diameter and relative volume of each fibre type, as well as the connective tissue area (endomysium) in relation to the total area sampled for each animal, were determined with the Sigma Scan Pro 6.0® program. The relative volume is reported as the ratio between the sum of areas and the absolute number of each fibre type in all samples. In addition to these parameters, the mean number of capillaries per quadrant and the ratio were quantified for each fibre type.
The results are reported as mean and standard deviation for the samples obtained from the 10 animals analysed. The data are summarized in Table I and were compared by the Tukey test, with the level of significance set at 5%.
RESULTS
In figure 1 illustrates two specimens stained by the NADH-TR method, demonstrating the distribution of the different muscle fibre types and the differentiation between the endomysium and blood capillaries.
The morphometric parameters of the samples studied are summarized in Table I . A significant difference between fibre types was only observed for the area occupied, with the largest area being occupied by type IIB fibres. The fibre diameter and relative volume were similar among the different fibre types identified by NADH-TR staining. No significant difference in the number of vessels per fibre was observed between fibre types. The endomysium occupied the smallest area compared to the other parameters analyzed.
DISCUSSION
The distribution of muscle fibres according to oxidative capacity is not homogenous in the frontal muscle of rabbits. This fact has also been reported in a large number of investigations analysing fibre types in mammals (Augusto et al., 2004) and has been well documented for cranial muscles by Bredman et al. (1990) .
In the present study, NADH-TR oxidative staining was used for the differentiation of three muscle fibre types. This method is commonly used in the literature and permits the differentiation of fibres according to their oxidative capacity (Dubowitz & Brooke; Dubowitz et al.) . Our results indicate a predominance of type IIB fibres compared to the other fibre types in the total tissue mass, with no differences in mean diameter being observed between fibre populations. This fact agrees with previous findings from our group regarding fibre counts (Hebling et al., 2006) . In the case of muscles located in the cranium, the morphofunctional adaptation of the muscle to its main activity seems to be an initial increase in the number of fibres and not in their diameter.
The work capacity of a muscle is closely related to the fibre population and quantity of connective tissues between fibres (Richmond et al., 2001) . The predominance of type II fibres, especially subtype B, indicates that the frontal muscle of rabbits presents a weak oxidative metabolism and is prone to fatigue during prolonged work. Similar findings have been reported for the masseter (Bredman et al.) and suprahyoid muscles (Bonington et al., 1987 (Bonington et al., , 1988 Brownlow et al., 1989) .
The similar functional behavior of facial and neurocranial muscles is in contrast to the great morphofunctional diversity observed for trunk and limb muscles. Muscle heterogeneity is closely related to the fibre population which, in turn, responds to different functional requirements (Latorre et al., 1993) .
Another aspect related to the tissue's response to work demand observed in facial and limb muscles is compartmentalization of the fibre population (Braund & Lincoln, 1981) . This regionalization shows a close association with blood flow (Weijs & Dantuma, 1981; Weijs et al., 1989) . The present findings indicate the absence of fibre regionalization in the frontal muscle of rabbits and that blood flow to the fibres seems to be constant in view of the observation of a similar number of vessels per fibre.
Finally, the integrative role of connective tissue associated with muscular contractile elements should be emphasized. The endomysium connects muscle cells, preserving the physical integrity of the muscle during contraction, in addition to functioning as a conduction vehicle for vascular and nervous elements (Di Dio, 2003) . Despite the small number of reports in the literature analysing the volume occupied by the endomysium in normal muscles obtained from different anatomical sites and different mammalian species, it is known that the deposition of fibrous matrix elements increases in immobilized muscle (Jarvinen et al., 2002) or muscle submitted to experimental denervation (Fernandes et al., 2005) . In view of the findings obtained under abnormal conditions, the content of connective tissue found in the frontal muscle of rabbits should represent normality for this structure.
In conclusion, our study contributes to the quantitative analysis of the fibre population in the frontal muscle of Norfolk rabbits and provides morphological evidence for the predominantly low oxidative activity of this muscle.
